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Abstract 
The purpose of this study is to investigate the importance of usability in user interface (UI) design of mobile educational 
applications (MEA) designed for children aged 4-5 years. Usability testing was conducted with four children to evaluate the UI 
design based on the children’s mental model in addition to the quality of their learning experience. An eye tracking glasses was 
utilized to capture the children’s eye movements while the usability heuristics was used to collect the descriptive data regarding 
the interface design. Results indicated that the usability study can be considered as a multi-stage problem solving process where 
it analyses and foresee how the children use a product and the actual first-time users’ intuition of their design experience and 
learning curve. The observation, eye tracking data and usability testing of the MEA with the four children validates that the UI 
application was based on the developers and designers adult mental model and guideline or own assumptions. This paper ends 
with a suggestion of a UI design guideline of design elements and principles for designers and developers to adhere when 
developing MEA for children. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of Academic World Education and Research Center. 
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1. Introduction 
Globally, mobile technology is currently very prominent in the lives of children; national ministries and local 
schools have conducted experiments with mobile devices for a range of different teaching and learning purposes 
(Chiasson & Gutwin, 2005). According to the Sesame Workshop (2007), almost all children in the U.S. have access 
to a mobile device, with 93 percent of 6-to-9-year-old living in a home with a cell phone. In addition, over 50 
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percent of 6-to-9-year-olds have their own portable video game player, 30 percent own cell phones, and 20 percent 
own digital music players. At the same time, mobile device ownership among children ages 4-14 has experienced 
double-digit growth since 2005 (NPD Group, 2008).  
Mobile devices such as tablets are now children's posh interactive toys and it is a favorable toy for the parents to 
acquire for their children (Osman, Talib, Sanusi, Tan, & Alwi, 2012). As such, there are many mobile devices and 
educational applications (apps) available for children. Children nowadays are more skilled since they have gained 
experience of using the computers at an early age that persists throughout their lives (Chiasson & Gutwin, 2005). 
However the task of developing educational application which has positive impact on children's education to gain 
knowledge and to progress in their education reflects back to the user centeredness of the application design. 
Further, children are an important user group for software and technology designers whereby the focus is 
specifically on how to design for children. This user group is unique in various aspects where their goals of using 
computers are typically educational or entertainment.  
In order to cater to the children population, there is a need to understand thoroughly how children interact and 
think. Thus, the field of Human Computer Interaction (HCI), with the purpose to produce useful, usable and 
desirable technology is most relevant. Now, HCI has evolved and expanded to areas such as User-Centered Design 
(UCD), Human Centered Design (HCD), Usability, Interaction Design (ID) and User eXperience (UX) (Hussein, 
Md Tap, & Jack, 2010). In UCD, it is essential for interfaces to be designed according to users’ capabilities, needs 
and expectations, doing usability testing to undercover problems, and follow an iterative design cycle (Norman & 
Draper, 1986). Child Computer Interaction (CCI), a part of HCI where the humans are children is defined as a 
discipline concerned with the design, evaluation and implementation of interactive computing systems for children’s 
use and with the study of major phenomena surrounding them (Abdul Aziz, 2013). Hence, it is crucial to prioritize 
on the usability of children’s user interface design since interactive technology is ubiquitous in children’s life. 
This paper discusses the significance of usability and User Interface (UI) design for children’s mobile educational 
application (MEA) for better performance and impact in learning. Usability test with 5 children from the age group 
of 4-6 years old were conducted to identify the UI design issues with current MEA. The usability testing was done 
for a free MEA available for Android users which is among the top most downloaded application by consumers. 
2. Background to the Problem 
While many adults struggle with comprehending and manipulating digital interfaces (Norman, 1999), today‘s 
young children are a generation of digital natives (Prensky, 2001) who approach these interfaces with excitement 
and motivation. Design principles invented with adults in mind cannot simply be scaled down to children where they 
have their own needs and goals which are not necessarily met by adult tools.  
Designers of children’s technology and software face distinctive challenges. Children’s product interfaces should 
differ from adults as their requirements, skills, and anticipations are not the same. As an example, Hussein, 
Mahmud, Md Tap and Jack, (2010) declares that the design guidelines used during the software development 
process are client's guidelines, followed by internal guidelines and self-intuition and experience. It is important to 
know that the adult oriented software UI design principles are different compared to the children.  They further 
stated that in an interview session with 12 respondents do not agree to include end user in the software development 
process and 16 out of 21 respondents strongly disagree to the inclusion of users in the development process. In their 
study, strong responses were received from the proficient developers who have the decision making power. The 
developers think users do not know what they want and try to avoid their involvement in the development process. 
Most of the time, developers/designer create UI for application based on experience, client/company senior 
designer guideline and own intuition. This may be due to the lack of awareness or practice in Usability, UCD or HCI 
field. Software design companies strongly disagree to include the end users in any of the software development 
process to evaluate and to reiterate the design based on the end user requirements (Hussein, Mahmud, Md Tap & 
Jack, 2010). As a result, the application is a failure because children get confused if the application design does not 
match their mental model. 
Thus, this study aims to identify the following objectives.  
1. To investigate if  the mobile educational application (MEA) user interface design is usable for the children:  
i. To what extent children can understand and intuitively use the MEA. 
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ii. To what extent children can efficiently use and interact with the MEA. 
2. To identify the design elements and principles to consider to propose children’s User Interface design 
guidelines to assist software developers and designers. 
3. Theoretical Framework 
In this study Guilford's Structure of the Intellect (SI) framework (1nstructional Design, n.d)) is used as a 
conceptual framework. This is to evaluate the UI design and the user interaction of the MEA in-depth once the data 
collection is completed. Jakob Nielsen’s 10 Usability Heuristics Principles (1995) was also used. Guilford’s SI 
framework acts as a guide to analyse the UI design principles for the children for this study. The evaluation of the 
UI design for the MEA can be done based on children’s behaviour, current findings on the gaps to enhance the user 
interface, and the children’s needs based on their cognitive development. 
The Guilford's SI framework comprises of operations (cognition, memory, divergent production, convergent 
production, evaluation), contents (visual, auditory, symbolic, semantic, behavioral), and products (units, classes, 
relations, systems, transformations, and implications) independent dimensions. Theoretically, 150 different 
components of intelligence are available. 
4. Methodology 
A qualitative approach for data collection was administered as we used a case-study to analyze a group of 
children and explore the unique quality of the child’s usability behavior (Henn, Weinstein, & Foard, 2006). One 
child participated in the pilot test while four children were recruited for the actual evaluation. As a criteria, 
participants were required to have prior experience in using tablets either for learning or playing games.  
The data collected includes observation, evaluation, and data from the SensoMotoric Instrument (SMI) eye 
tracking glasses. The evaluated MEA is English for Kids (Bamboo Media) targeted for four to five years old. The 
children were given task procedures to perform some required activity on the tablet. One-to-one sessions were 
conducted with each child to identify their level of understanding and their mental model while using the MEA.  
The usability testing took approximately 30 minutes for the MEA. As the children’s attention span is short a 5 
minutes break was given after an elapse of 15 minutes into the study. Probing questions were asked during the 
session to keep children on track except during the 2 minutes self-exploratory session. Every interaction and activity 
performed were recorded through the eye tracking glasses worn by the child and videotaped via a tablet to capture 
other physical behaviors. 
A preschool teacher volunteered to be an observer to record the children’s behavior. The observation checklist 
based on Jakob Nielsen’s 10 Usability Heuristics Principles was conducted to identify children’s motivational 
behavior challenges and note the efficiency of the application while the children were using it. However, the test 
procedures was adapted from Vermeeren, Bekker, van Kesteren, and de Ridder (2007). The observation, eye 
tracking data, and usability testing methods enable primary data collection. Nevertheless, the instruments were 
validated by an HCI expert with at least 15 years of experience at a local university. 
5. Data Analysis 
After the evaluation sessions, the data was grouped into categories according to their content and analyzed 
deductively based on the research questions and objectives. The eye tracking video for each child on interacting with 
the application was evaluated based on their respective scan path generated by the eye tracking (SMI) system. The 
recording was converted to AVI files using BeGaze3.4 application for analysis purposes. The scan path shows the 
eye movement of the children during the study. The analysis is based on the recorded scan path of the children’s 
focused areas wearing the eye tracking glasses. 
1821 Mona Masood and Menaga Thigambaram /  Procedia - Social and Behavioral Sciences  197 ( 2015 )  1818 – 1826 
5.1. Intuitiveness of Mobile Educational Application (MEA) 
The analysis is based on the recorded scan path of the children’s focused areas. Six usability heuristics were 
selected based on the significant components for the intuitiveness of the application based on the observation list:  
i. Visibility of the system status: The child knows which module he/she is currently in, where to go next, and to 
go back to home.  
ii. Match between system and the real world:  Are the menus, buttons and icons intuitive for the child? Can the 
child interpret what to do? Is the flow to start and navigate easy? Can the child play with the app without 
trouble? 
iii. User control and freedom, Undo keyed input: Able to click next to continue, to go back, or undo. Able to go to 
the main menu and select a different module (in this case, Alphabet, Word, Sentence). Exit from the 
application. 
iv. Consistency and standards, Start the program, continue after resume: Prompt messages and the buttons are 
consistent. The child knows if to continue, resume, start & cancel. 
v. Recognition rather than recall: The child knows what to do when they see the menu, button and icons. How to 
click a button or icon. 
vi. Help and documentation: Flash example/highlight buttons/alert sound to stop any act. Voice message to help? 
5.1.1. Visibility of System Status  
 
Observations showed that the system status is not apparent for the child to help to identify where they are at 
(status) and what to do next (the goal) in the MEA. All four children find it difficult to know which module they 
were currently at or the module they had previously accessed. For example, they were unable to recall the Alphabet 
button which they had accessed earlier. Fig. 1 shows the scan paths of the eye tracking recordings captured during 
the one-to-one usability testing. All the children were not able to remember the Alphabet menu button which they 
accessed for Task 1 of the usability test. 
 
 
Child 1 
 
Child 2 
 
Child 3 
 
Child 4 
Fig. 1. Children’s Eye tracking Scan Path for Visibility of the System Status 
5.1.2. Match between System and the Real World 
 
This is to identify if the MEA buttons or menu are simple enough for children to understand. The interface should 
1822   Mona Masood and Menaga Thigambaram /  Procedia - Social and Behavioral Sciences  197 ( 2015 )  1818 – 1826 
only employ words which are intuitive or self-explanatory for children aged 4 to 5 years old who are unable to read 
to understand the Menu Buttons for usable interaction. All the learning objects should speak their function but in 
this Main Screen, the Menu Buttons are text based. No visuals or icons were present to differentiate the Menu 
buttons for the children to know if it is clickable (Fig. 2).  
                   
Child 1      Child 3 
Fig. 2. Children’s Scan Path for Match between System and the Real World (Main Menu) 
The observation also shows all four children find it difficult to interact with the Menu Buttons to access the next 
screen. They were not sure what to do at the Main Screen, the facilitator had to ask or provide help to move on to the 
Menu buttons. There is no indication that the screen is interactive. This is similar to the alphabet screen where 
affordance is lacking to show that the alphabets are clickable and audible. 
5.1.3. User Control & Freedom 
 
This section is to evaluate if the selected MEA allows the child to control the tool as per their needs. The children 
find it difficult to identify the Home button, unless there is help or guidance. There is no other option to go back to 
the Main Screen but via the Home button at the bottom right the screen. The Exit button in the Main Menu is not 
apparent enough for the children to click on it. It is almost merged with the background and the clouds. If the child 
use the tablet’s Back or Exit button, the application window will only be minimized until the child opens the 
application and go to the Main Menu to exit. Child 1, 3 and 4 were unable to find the Exit button on the screen. 
Hence they used the Tablet’s Back button functionality to Exit. This action closes the application fully. 
5.1.4. Consistency & Standards 
 
This section is to evaluate if the MEA is easy to recognize rather than the need for the children to remember the 
navigation. The Home button is not intuitive because it functions as the Back button. Home buttons are usually to go 
back to the Main Menu. The scan path eye tracking records show that the children were not sure that they need to 
click the Home button twice to go back to the Main Menu. The control keys are not consistent with other 
applications.  
5.1.5. Recognition Rather than Recall 
 
We wanted to see if the children could identify the Menus, Button and Icons intuitively. The observation 
indicated that all children need help to access to the appropriate buttons. The children’s focus was more on the Title 
than the button since the title and button look almost alike. From the alphabet screen, the children did not recognize 
the “Home” button situated at the bottom right of the screen. In the Spelling screen, the interactions do not appear in 
a natural or logical order for the children to figure it out. The objects and the images are not recognizable for the 
child to speak their function. All 4 children had difficulty to interact in this screen without help (Fig. 3). They were 
not focusing on the alphabets. 
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Child 2       Child 4 
Fig. 3. Scan Path for Recognition Rather than Recall (Spelling Screen Interactions) 
5.1.6. Help & Documentation  
 
In this application, we found no “Help” button to demonstrate the practices or interactions that the children were 
required to do in each screen. It would have been helpful for the children to learn on their own if there were proper 
examples in each screen for the children to follow. For instance, guiding the child (may be through animation) from 
one alphabet to the space provided. The children should be given examples especially on how to interact in the 
alphabets screen with the help of the audible alphabets narrated and how the spelling interactions works. This will 
speed the children’s learning where the children need not go through trial and error nor self-explore.  
5.2. Efficiency of the Mobile Educational Application (MEA) 
Table 1 shows the result of three tasks for the MEA for Child 1-4. The usability test procedure is noted with 
Complete (C), Incomplete (I), Complete with help (CH), and Complete with Hints/Guide (CG). 
 
                            Table 1. Usability Tasks 
 
Test procedure Child 
1 
Child 
2 
Child 
3 
Child 
4 Interaction with a MEA for in learning English  
Task 1.     
i) Open the application and go to Alphabets from the main menu. CH CH CH CH 
ii) How do you read the alphabet? How will you get the alphabet sound? CH CH CH I 
iii) Go back to main screen/home. I CH CG CG 
Task 2.     
i) Go to Words menu. CH CH CH CH 
ii) What do you do in this screen? How do you interact? (Spell 3 words) CH CG CH CH 
iii) Go back to the previous screen. CH C CH I 
iv) Go back to the main screen/home. I CG CG C 
Task 3. 
i) Go back to the Alphabet to find alphabet "K" I CH I CH 
ii) Exit the application. I CH I I 
5.3. Children’s User Interface Design Proposed Guidelines 
The MEA UI Design guidelines was derived by selecting the Intellect Model and mapped with the four UCD 
components which are Navigation, Presentation, Content and Interaction. The identified issues of intuitiveness, 
efficiency and challenges faced by the preschool children from the Usability evaluation can be comprised in the four 
UCD components (Table 2). 
The guidelines is adhered to Piaget’s Cognitive Development of Pre-Operational stage of children and is useful 
for general support or reference for the developers to design MEA UI for children. This proposed guideline can be 
studied further, revised, and enhanced as children’s UCD guideline. It can be enriched by conducting usability 
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evaluation with more children of pre-operational stage, comprising additional diverse MEA available, to enhance 
this guideline.  
       Table 2. Proposed Guideline for Children’s User Interface Design 
Intellectual Model elements + 
UCD 4 Focal Points of Design Purpose Guidelines 
1) Navigation - can user find it? 
Symbolic + Implication + 
Cognitive  
Words or Symbols (Icons) as information to 
recognition 
1) Navigation should help the user to:  
x Tell the user where they are 
x Show user where they can go  
x How to get there   
x How to get back 
2) Can provide alternative navigation 
3) Navigation should be obvious and show 
the affordance. 
4) Match the user mental model/needs 
Symbolic + Implication + 
Memory  
Words or Symbols (Icons) as information to 
recall/remember 
Symbolic + Transformation + 
Convergent Production 
Words or Symbol (Icons) as information known 
result or screen 
2) Presentation - Is it easy to comprehend? 
Visuals 
Visuals + Symbols + 
Implication + Cognitive & 
Memory 
Visual + Text or Symbol as information for easy to 
remember and recognize 
1) The images need to be clearly 
interpretable. The visuals should be 
very clear, appropriate to use at the 
right place and relevant to the content. 
2) Visuals can interpret 
relations/connections or grouping and 
similarity. 
3) Visuals help to recognize & remember 
faster. 
4) Visuals with text are easy to 
comprehend for children who can read 
words. 
Visual + Relations + 
Implication Recognize the visual connection 
Visual + Classes + Implication Recognition the visual  
Visual+ Unit +Implication Visuals can interpret information to remember & recognize. 
Visual + Transformation + 
Cognition & Memory 
Visual that can change are animation which is for 
recognition and remembering. 
Layout 
Semantic + System + Cognition 
& memory 
A good combination of background color or 
pattern easy to the eyes and should not clash the 
content or learning objects. 
Easy to comprehend the overall 
concept/page 
 
 
Color 
Semantic + System + Cognition  Grouping of colors 1) Need to draw attention 
2) Show grouping, similarity or 
connectedness 
3) Show content or design consistency for 
same concept or comprehension 
Semantic + Class + Cognition Similarity of colors 
Semantic + Relation + 
Cognition Connectedness of colors 
Semantic + Unit + Cognition Contrast of colors 
Graphics 
Visuals + Symbolic + 
Implication + Cognitive & 
Memory 
Visuals and text information is important to 
remember and recognize 
1) Graphics need to be recognize, 
appropriate & relevant to the layout or 
learning objective. 
2) Navigation button need to be clear and 
show the affordance of clickable or 
active/ disabled. 
3) Visuals need to be interesting and 
comprehensive to the children to 
recognize and remember 
4) Visuals and text can interpret or display 
grouping or highlight an important 
object 
Visuals + Symbolic + Units + 
Cognitive & Memory Highlight objects 
Visuals + Symbolic + Classes 
Cognitive& Memory Group objects 
Visuals + Transformation +  
Cognitive + Memory Highlight the learning object 
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5) Animate the graphic where necessary to 
grab attention 
Text 
Symbolic + Implication + 
Cognitive + Memory Text as information to understand and remember 
1) Simple, easy and direct to comprehend. 
Use simple terms 
2) Stand out by making it Italics, bold, 
underline 
3) Use different font type for different 
grouping 
4) Animate the text to grab attention 
Symbolic + Unit + Cognition Text to recognize 
Symbolic + Classes +  
Cognitive + Memory Differentiate 
Symbolic + Transformation +  
Cognitive + Memory Highlight the text 
3) Content 
Symbolic + Implication +  
Cognitive + Memory Text information to recognize and remember 
1) To comprehend in text/word & audible 
for better understanding for kids unable 
to read 
2) Use terms and words that children can 
understand when narrating or use 
audible instructions for young children  
Symbolic + Implication + 
Convergent production Text information as expected result or answer 
Audio + Visuals + implication 
+ Cognitive + Memory 
More than one unit to provide information to be 
rich 
4) Interaction 
Semantic + implication + 
divergent production 
Learning objects information can be interactive 
where it can be manipulative, producing more than 
one result or activity 
1) User Interface controls - drag & drop, 
clickable, fill in the blanks, matching, 
etc.  
2) Effective visual hinting show available 
options 
3) Shows current interaction state (active, 
disable) 
4) Error handling and feedback - need to 
be useful and meaningful. Need to 
interpret as children understand.  
5) Show example and demo on how to use 
rather than just an error message. 
Children learn from examples. 
Visual + Audio + Symbolic + 
Implication + Transformation + 
Divergent production 
Have more than one unit as information for 
learning objectives to give different learning 
interaction and activity for children to learn to 
learn 
Symbolic + Visuals + 
Implication + Cognition + 
Evaluation 
Error message or feedback where user need to 
know what to do 
6. Conclusion 
This study has provided a depth of understanding on how children aged 4-5 years mental model works compared 
to the adults who had developed the application. This shows that there is a gap in the mobile learning industry, 
where there is a need to acquire UCD knowledge and skills to design and deliver a good and usable educational 
application. The study clearly shows that Educational Software companies need to create the urgency and awareness 
to integrate UCD methodology in project lifecycle to create good and quality Mobile Educational Application for 
the upcoming generation to ensure learning and motivation occurs.  
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